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Introduction:  The Mars Scout Phoenix lander will  
land in the north polar region of Mars in May, 2008. 
One objective of the Phoenix lander is to search for 
evidence of past life in the form of molecular organics 
that may be preserved in the subsurface soil. The 
Thermal Evolved Gas Analyzer (TEGA) was devel-
oped to detect these organics by coupling a  simultane-
ouse differential thermal analyzer (SDTA) with a mass 
spectrometer. Martian soil will be heated to ~1000°C 
and potential organic decomposition products such as 
CO2, CH4 etc. will be examined for with the MS. 
TEGA’s SDTA will also assess the presence of endo-
thermic and exothermic reactions that are characteristic 
of soil organics and minerals as the soil is heated. The 
MS in addition to detecting organic decompisiton 
products, will also assess the levels of soil inorganic 
volatiles such as H2O, SO2, and CO2. Organic detec-
tion has a high priority for this mission; however, 
TEGA has the ability  to provide valuable insight into 
the mineralogical composition of the soil. The overall 
goal of this work is to develop a TEGA database of 
minerals that will serve as a reference for the interpre-
tation of Phoenix-TEGA.  
Previous databases for the ill-fated Mars Polar Lan-
der (MPL)-TEGA instrument only went to 725°C. 
Furthermore, the MPL-TEGA could only detect CO2 
and H2O while the Phoenix-TEGA MS can examine 
up to 144 atomic mass units. The higher temperature 
Phoenix-TEGA SDTA coupled with the more capable 
MS indicates that a higher temperature database is 
required for TEGA interpretation. The overall goal of 
this work is to develop a differential scanning calo-
rimeter (DSC) database of minerals along with corre-
sponding MS data of evolved gases that can used to 
interpret TEGA data during and after mission opera-
tions. While SDTA and DSC measurement techiques 
are slightly different (SDTA does not use a reference 
pan), the results are fundamentally similar and thus 
DSC is a useful technique in providing comparative 
data for the TEGA database.  The objectives of this 
work is to conduct DSC and MS analysis up to 1000oC 
of select minerals that may be found in the martian 
soil.  
Materials and Methods: Differential scanning 
calorimetry was performed with a Setaram Ligne 96 
connected to a Pfeiffer Thermostar GSD301T mass 
spectrometer.  20 to 30 mg samples were heated from 
30 to 1100oC at heating rate of 20oC min-1 at pressure 
of 1000 mbar. All analysis were purged with research 
grade N2 at a rate of 20 sccm. Result presented here 
will examine the DSC analysis of candidate martian 
minerals: calcite, gypsum, goethite, hydroxyapatite, 
kaolinite, and jarosite.  
Results and Discussion:  Calcite was characterized 
by an endotherm at 825°C that corresponded to CO2 
that was attributed to the breakdown of calcite and the 
formation of CaO (Fig. 1). Endothermic and exother-
mic peaks are indicated in figures by “endo” and 
“exo,” respectively. Gypsum possessed a double peak 
endotherm with an onset temperature at 145°C that 
corresponded with structural water release to form 
anhydrite (Fig. 2). Two exothermic peaks associated 
with lattice modification occur at 415C and 700C.  
Gypsum did not evolve any gaseous sulfur species up 
to 1000°C.  Hydroxyapatite (HA) possessed a signifi-
cant endotherm near 500°C with much smaller endo-
therms near 100 and 173°C. Water begins to be re-
leased near 173 and this likely corresponds to dehy-
droxylation of HA.  Low levels of CO2 suggest some 
incorporated carbonate decomposed in the HA struc-
ture. 
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Fig. 1. Calcite DSC (left axis) and evolved CO2 analy-
sis (right axis, amps). 
 
Kaolinite was characterized by an endotherm at 535°C 
and associated water release attributed to dehy-
droxyltion of kaolinite (Fig. 3). A distinctive exotherm  
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Fig .2. Gypsum DSC (left axis) and evolved H2O ana-
lysi (right axis, amps).  
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Fig. 3 Kaolinite DSC (left axis) and evolved H2O analysis 
(right axis, amps). 
 
at 1015°C is due to a crystalline transition to γ- Al2O3. 
Goethite has doublet endotherm at 282 and 324°C due 
to dehydroxylation as indicated by corresponding wa-
ter release. K-jarosite’s endotherm at 275°C with a 
larger endotherm at 425°C is associated with water 
release indicating dehydroxylation of jarosite. The 
660°C endotherm corresponds to a SO2 release indicat-
ing a loss of S from the jarosite structure. 
Results clearly demonstrate that volatile bearing 
minerals have the potential to be indentified by charac-
teristic DSC curves and temperature dependent volatile 
release[1,2]. This work is laying the ground work for 
future work where DSC and evolved gas data will be 
collected at lower pressures.  
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Fig. 4.  Jarosite DSC (left axis), water and SO2 evolved gas 
analysis (amps) data (right axes). 
 
 Past work [1] has demonstrated that lower pressures 
affect endothermic and exothermic temperatures and 
corresponding temperature of volatile release relative 
to pressures conducted at higher pressures.  
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